Objective: Therapies for chronic kidney disease have changed greatly over the last decade. The aim of this study was to examine the changes in the clinical characteristics and carotid atherosclerosis of patients with end-stage kidney disease (ESKD) over the last 9 years. Methods: A cross-sectional study of 150 consecutive patients with ESKD who had initiated maintenance dialysis between January 2005 and December 2013 was conducted. The patients' mean age was 68 ± 13 years. The group comprised 73% men, and 63% of the patients had diabetic nephropathy. The carotid artery-intima media thicknesses and the plaque scores (PS) were measured using carotid artery ultrasonography within 3 months of dialysis initiation. Changes in the patients' carotid atherosclerosis and clinical characteristics over the years were examined by categorizing the patients into 3 groups representing 3-year intervals based on when dialysis was initiated. Results: The PS declined from 12.8 to 5.4 (P ¼ 0.001). Low-density lipoprotein cholesterol (LDL-C) and non-high-density lipoprotein cholesterol levels declined over the 9-year period (P ¼ 0.005 and P ¼ 0.006, respectively), and the ratio of statin users increased markedly from 24% to 54% (P ¼ 0.001). Univariate regression analysis identified a positive correlation between the PS and LDL-C (r ¼ 0.281; P ¼ 0.01), and a strong positive correlation was found between the PS and LDL-C after adjusting for various risk factors for atherosclerosis. Conclusion: Carotid atherosclerosis in patients with ESKD has decreased over the past 9 years, which may be a consequence of improvements in dyslipidemia management.
Introduction
It has been suggested that atherosclerosis progression accelerates during the conservative phase of chronic kidney disease (CKD). Shoji et al. demonstrated that the carotid artery-intima media thickness (CA-IMT), an early lesion of atherosclerosis measured by carotid artery ultrasonography, showed a significantly higher value in patients in the conservative phase of CKD compared with the general population. Importantly, there was little difference in the CA-IMT between patients receiving dialysis and those in the conservative phase of CKD, which demonstrates that atherosclerosis has already developed before dialysis begins [1] . A strong relationship has been reported between the severity of CA-IMT and atherosclerotic cardiovascular disease (CVD) development in patients in the conservative phase of CKD [2] . CVD onset increases as renal dysfunction deteriorates [3, 4] . Therefore, to improve the prognosis of patients with CKD, atherosclerosis progression must be prevented from an early stage of the disease.
The involvement of non-traditional risk factors for atherosclerosis that are specific to CKD, including chronic inflammation, malnutrition, and metabolic disturbances associated with calcium and phosphorus, tends to be regarded as the involvement of factors underlying atherosclerosis development and progression of atherosclerosis in patients with CKD. However, the classical risk factors for atherosclerosis, including hypertension and dyslipidemia, are also strongly involved in atherosclerosis progression in patients with CKD [5e7]. Statins and renin-angiotensinaldosterone system (RAS) inhibitors prevent atherosclerosis progression in the general population [6] , and RAS inhibitors also have renoprotective effects. Recently, it has been reported that using statins to manage dyslipidemia reduces proteinuria and retards the progression of renal impairment [7] . Therefore, strict blood pressure control, mainly using RAS inhibitors, lifestyle modifications, and using statins for lipid management will slow the progression of renal dysfunction and prevent the progression of atherosclerosis. Consequently, some international guidelines strongly recommend the use of these therapies [8e10] . However, we do not know the extent of the effect, how patients' clinical characteristics have been altered by these changes, and what the favorable effects have been on atherosclerosis.
A strong relationship exists between the findings of carotid artery ultrasonography and CVD. In the general population, the CA-IMT, determined by carotid artery ultrasonography, and the severity of the plaque score (PS) are related to complications associated with stroke or coronary artery disease (CAD) [11e15] . Similarly, some studies of patients with CKD have also reported that findings from carotid artery ultrasonography are useful for predicting CVD [16e18]. Carotid artery ultrasonography, which can be performed non-invasively, is useful for evaluating atherosclerotic lesions and predicting CVD complications in patients with CKD.
We hypothesized that recent changes in CKD management have improved atherosclerosis. Thus, a study to examine the changes in carotid atherosclerosis at the initiation of dialysis in parallel with the changes in patients' clinical characteristics, the changes in atherosclerosis risk factors, and the changes in pharmacotherapy over the past decade was conducted.
Methods

Study design and patients
A retrospective cross-sectional comparative study by era that involved 284 consecutive patients who started maintenance dialysis for end-stage kidney disease (ESKD) at the Toho University Ohashi Medical Center between January 2005 and December 2013 was conducted. Two of the exclusion criteria (1, death within 3 months of starting dialysis and 2, ESKD due to acute renal impairment) led to 2 patients and 25 patients, respectively, being excluded from the study, and the remaining 257 patients were included in the study. Of these patients, 107 had not undergone carotid artery ultrasonography. Consequently, 150 patients were divided into 3 groups that represented 3-year intervals, which were based on the day of dialysis initiation, and their carotid artery ultrasonography findings were compared (Fig. 1) . There was some concern that a selection bias may have been introduced that related to the characteristics of the patients who did and did not undergo carotid artery ultrasonography. Therefore, to investigate the validity of the study, the 257 patients were divided into 2 groups according to whether they had undergone carotid artery ultrasonography, and their characteristics were compared before starting the main analysis. The sample size for the retrospective data collection was not pre-specified.
The ethics committee at the Toho University Ohashi Medical Center approved the study protocol [Approval number, 13e52, 13e61]. Since this was a retrospective, observational study, the need for consent for individual patients was waived; however, a notice about the start of this study and that the patients could express their objections to the use of their data was posted.
Collection of data
Clinical information was collected from each patient to determine age, sex, smoking history, diseases underlying their kidney disease, treatments taken during the conservative phase of the kidney disease, and disease history. Blood pressure was measured immediately before the first dialysis session in the supine position, and a blood sample taken immediately before the first dialysis session was analyzed. Serum calcium (Ca) was corrected using the following equation: corrected Ca ¼ measured Ca (mg/ dL) þ (4 À measured albumin [g/dL]). The estimated glomerular filtration rate (eGFR) was calculated using the following equation: eGFR (mL/min/1.73 m 2 ) ¼ 194 Â Cr À 1.094 Â age À 0.287 (women Â 0.739) [19] . Body mass indices were calculated as weight (kg)/(height [m]) 2 . HbA1c was recorded as the National Glycohemoglobin Standardization Program (NGSP) value.
Definitions of complications
CAD was defined as a history of myocardial infarction, angina pectoris, or coronary revascularization therapy. Patients were also defined as having complications associated with CAD if they had significant stenotic lesions that were observed on coronary arteriography, or if fixed defects or irreversible defects were observed using stress myocardial scintigraphy at the initiation of dialysis. Patients who had been diagnosed with peripheral artery disease (PAD) and had undergone catheterization or bypass graft surgery, or those who had a history of amputation for ischemic lower extremities were defined as patients with PAD. Patients diagnosed with cerebral hemorrhage or cerebral embolism and who had prior treatment for these conditions were defined as patients with stroke.
Carotid artery ultrasonography
Carotid artery ultrasonography was performed at the time of dry weight after dialysis or on a day that the patients did not undergo dialysis. Carotid atherosclerosis was evaluated using the mean CA-IMT (mCA-IMT) of the common carotid artery and the PS. An experienced clinical laboratory technician evaluated the carotid artery with a 7.5-MHz linear probe and an Aplio XV, Aplio XG, or a Xario ultrasonography system (Toshiba Medical Systems Corporation, Tokyo, Japan), using the B mode and a pulsed Doppler system. The patients were examined in the supine position without a pillow, with their necks tilted slightly away from the carotid artery being examined and their chins angled slightly upwards. First, the segment of the carotid artery that could be observed using shortaxis imaging was scanned from the proximal (heart) side towards the distal (head) side to confirm the blood vessel's course and the plaque locations. Then, the long-axis images of the blood vessel were produced in parallel to the probe, as much as possible. Images of the distal common carotid artery bifurcation and the internal carotid artery bifurcation were obtained for all of the patients as recommended by the American Society of Echocardiography Carotid Intima-Media Thickness Task Force [20] . The intima media thicknesses of at least 3 sites, each separated by at least 1 cm from other segments of the common carotid artery, were measured, and the mCA-IMT was obtained. When plaques were present in the individual segments, the mean thicknesses of the plaques were added to the CA-IMT measurement.
A CA-IMT of at least 1.1 mm was defined as a plaque, and the PS was defined as the sum of the thickest CA-IMTs in individual segments of the bilateral carotid arteries. As shown in Fig. 2 , Segment 1 was defined as the internal carotid artery (ICA) segment 15 mm distal from the common carotid artery (CCA) bifurcation (Bif). Segment 2 (S2) was defined as the CCA/ICA segment 15 mm proximal from the Bif. Segment 3 (S3) was defined as the CCA segment 30 mm proximal to S2. Segment 4 (S4) was defined as the CCA segment 30 mm proximal to S3. When determining the PS, plaque length was not considered.
Statistical analyses
Data with normal distributions are expressed as the means ± standard deviations (SD). The data for parameters that did not have normal distributions are presented as the medians and interquartile ranges. The groups were evaluated using the c 2 test, analysis of variance, and the KruskaleWallis test. P values <0.05 were considered significant. Trends over the 9-year period were analyzed using the JonckheereeTerpstra test. Factors associated with the evaluation items of carotid artery ultrasonography were analyzed using univariate and multivariate linear regression analyses. All statistical analyses were performed using IBM ® SPSS ® software version 20 (IBM Corporation, Armonk, NY, USA).
Results
Comparisons between the patients who did and did not undergo carotid artery ultrasonography
Of the 257 patients, 107 (41.6%) did not undergo carotid artery ultrasonography. To understand the trends in carotid artery sclerosis over the years and to confirm that any selection bias was minimal, the patients' characteristics were compared and examined according to the era and in relation to whether the patients had undergone carotid artery ultrasonography. No significant differences were found between the groups in Era 1; however, in Era 2, the ratio of men and the stroke and obstructive arteriosclerosis prevalence rates were higher in the group that had undergone ultrasonography than in the group that had not undergone ultrasonography (Table 1) . In Era 3, the group that underwent ultrasonography showed a higher systolic blood pressure and a higher prevalence of diabetes mellitus compared with the group that did not undergo ultrasonography. In the latter half of the 9-year period analyzed, carotid artery ultrasonography was performed on patients with high atherosclerosis risks. Based on these data, we decided to pursue this study to prove our hypothesis; hence, a primary analysis of the 150 patients who had undergone carotid artery ultrasonography was performed. Table 2 presents the baseline characteristics of the 150 patients with ESKD who were evaluated for carotid atherosclerosis. The mean ± SD age of the patients was 68 ± 13 years, and the median age was 70 years (60e78 years). Men accounted for 73% of the patients, and 63% of the patients had diabetes mellitus (DM). The median serum creatinine (Cr) and eGFR values at the initiation of dialysis were 9.3 mg/dL (7.5e11.7 mg/dL) and 4.5 mL/min/1.73 m 2 (3.5e5.9 mL/min/1.73 m 2 ), respectively. The prevalences of CAD and stroke were 18% and 19%, respectively, and renin-angiotensin system (RAS) inhibitors and statins were administered to 65% and 39% of the patients, respectively.
Patients' baseline characteristics
Changes in the patients' baseline characteristics and carotid arteriosclerosis over the years
The age of the patients increased significantly over the years (P < 0.001); however, with the exception of the lipid profiles, the classical risk factors for atherosclerosis, including diabetes mellitus, smoking, and blood pressure, did not differ over the years (Table 2) . A marked decreasing trend was apparent for low-density lipoprotein cholesterol (LDL-C) (P ¼ 0.005) and non-high-density lipoprotein cholesterol (non-HDL-C) (P ¼ 0.006) levels. C-reactive protein levels, a non-traditional risk factor for atherosclerosis, decreased over the years (P ¼ 0.04), hemoglobin levels increased markedly over the years (P < 0.001), and serum phosphate levels increased markedly over the years (P < 0.01). The use of statins (P ¼ 0.001), b-blockers (P ¼ 0.01), oral hypoglycemic agents (OHA) (P < 0.03), and AST-120 (P < 0.02) increased over the 9-year period; however, RAS inhibitor use did not change markedly over the years. No clear trend in the mCA-IMT was observed; however, the PS decreased significantly from 12.8 to 5.4 (P ¼ 0.01) (Fig. 3) . Hence, the factors that contributed to the PS improvement were examined.
Factors associated with the PS
Univariate linear regression analysis identified significant positive correlations between the PS and age, CAD, eGFR, and LDL-C (Table 3 ). Significant negative correlations existed between diastolic blood pressure and BUN and Cr. A positive correlation between the PS and antiplatelet medicine use was observed; however, no correlations were apparent between the PS and other medicines. Based on the changes in the risk factors over the years (Table 2 ) and the investigation of the factors that contributed to the PS (Table 3) , a decrease of LDL-C was considered a key factor involved in the PS improvement over the years. Therefore, multivariate regression analysis models that accounted for LDL-C were constructed, and the contribution of LDL-C to the PS was examined (Table 4) .
Independence of the LDL-C contribution to the PS
Various interrelated factors were adjusted to examine the relationship between LDL-C and the PS. Model 1 was a univariate regression analysis between the PS and LDL-C. Model 2 incorporated renal function, the 3 eras, and the traditional risk factors for atherosclerosis, including age, sex, smoking history, systolic blood pressure, and diabetes mellitus. Model 3 included the nontraditional atherosclerosis risk factors, malnutrition and inflammation, in addition to Model 2. Model 4 incorporated the different values for the lipids in addition to Model 2. Model 5 included factors associated with calcium and phosphorus metabolic disturbances as non-traditional atherosclerosis risk factors. Model 6 incorporated CVD as a complication and the medicines used. Model 7 included factors associated with anemia as a non-traditional atherosclerosis risk factor. Model 8 included factors associated with glycemic control as traditional atherosclerosis risk factors. Model 9 included AST-120. The multivariate linear regression analysis showed a positive correlation between LDL-C and the PS after adjusting the individual models for several variables.
PS and the lipid profile in statin users and non-users in each era
In Era 3, LDL-C and total cholesterol (TC) were significantly lower in the statin group, but no other noteworthy differences were seen (Table 5) . Two points should be taken from this table. First, in all eras, PS tended to be higher in people who used statins than in those who did not. There is a high likelihood that this is a reflection of the results of statin introduction in patients with more carotid atherosclerosis. The second is that PS and LDL-C showed a tendency to decrease together with the era, regardless of whether statins were used. This finding suggests the possibility that improvements in lipids not due to statins may be linked to PS improvements.
Discussion
Main findings of this study
Strict management of blood pressure and dyslipidemia potentially inhibit CKD progression [21e23], and the Japanese guidelines for the treatment of CKD recommend these approaches [24] . Studies in general populations have revealed that the management of blood pressure and dyslipidemia inhibits the progression of atherosclerosis and the onset of cardiovascular events [25] , and that it may be effective at slowing atherosclerosis in CKD patients. In the present study, the PS at the initiation of dialysis decreased significantly over 9 years. Furthermore, LDL-C levels decreased and statin use increased in the same timeframe. However, regression analysis showed that there was no correlation between the increase in statin use and improvements in the PS over the 9-year period, but there was a correlation between the LDL-C level and the PS decrease. Other factors thought to contribute to arteriosclerosis (Hb, Ca/P metabolic disturbances, blood glucose) were not found to have a clear association with PS. This indicates that changes in CKD treatment and patients' characteristics in recent years have reduced LDL-C levels, which, in turn, have improved carotid atherosclerosis. However, we have to be cautious about discussing direct causal relationships because this was a cross-sectional study that compared individual eras.
Changes in eras and atherosclerotic disease
Studies examining the effects of changes in treatment over the years, like this study, have been sequentially reported in recent years. A study of patients managed under the Medicare program in the United States reported that the stroke incidence rate has declined over the past 20 years and the use of statins and antihypertensive medicines has increased [26] . Another American study that analyzed the data of 57,000 patients with diabetes mellitus reported substantial changes in the complications associated with type 2 diabetes mellitus from 1990 to 2010, and, in particular, the incidence of acute myocardial infarction decreased by 70% during the 20-year period [27] . We recently reported that, over the past 20 years, the prevalence of CAD at the initiation of dialysis has decreased, risk factors have improved, and drug use has increased [28] . Therefore, it is not surprising that changes in patients' clinical characteristics and treatments over the years have led to a result that suggests that improvements in carotid atherosclerosis may also be seen in patients with CKD.
LDL-C and carotid atherosclerosis
Many studies have reported on the relationship between LDL-C levels and the severity of carotid atherosclerosis. Salonen et al. studied the relationship between the CA-IMT and abnormal lipid metabolism in 720 healthy men and reported that the CA-IMT increases as the LDL-C level increases [29] . Other studies have reported decreases in LDL-C levels and improvements in carotid atherosclerosis. John et al. reported that the statin-induced decrease in LDL-C levels contributed to improvements in carotid atherosclerosis [30] . In addition, it has been confirmed that carotid atherosclerosis in patients with CKD is more severe even in the early stages of kidney disease than in healthy individuals, and that a positive correlation exists between an increase in the LDL-C level and the CA-IMT [31] . In this study, the observed improvements in the carotid artery PS and in LDL-C levels over the years are thought to be in line with the results of those previously published studies [29e31].
Changes in lipid levels and statin use
In this study, reductions in LDL-C levels and increases in statin use over the years were confirmed. Although it might be natural to deduce that statin use has led to improvements in dyslipidemia, a supplementary analysis did not find a negative correlation between statin use and the LDL-C level. Therefore, the reduction in the LDL-C level over the 9-year period might be associated with lifestyle improvements rather than therapeutic interventions. In fact, as shown in Table 5 , PS showed a tendency to improve with the era regardless of whether statins were used. In parallel with this, a tendency for improvements in LDL-C was seen even in people who did not use statins. This suggests that lifestyle improvements contribute to PS improvements more than statin use does. Unfortunately, our database does not contain any parameters associated with lifestyle; hence, this hypothesis could not be proven. A publication that describes a decrease in the incidence of stroke [26] also reports that, over the past 20 years, total cholesterol levels have decreased from 210 mg/dL to 183 mg/dL and from 230 mg/dL to 206 mg/dL in men and women, respectively. However, the article did not describe the relationship between statin use and reductions in cholesterol levels, but this does not necessarily mean that the relationship does not exist. Furthermore, the study's results help to corroborate the findings of the current study.
Differences between the CA-IMT and the PS
At first, we hypothesized that both the CA-IMT and the PS would decrease equally over the 9-year period. However, while the PS changed, the CA-IMT did not change. Whereas the CA-IMT represents the mean thickness of the intima media, the PS scores the plaques, which are defined as the regions where the CA-IMT is 1.1 mm or thicker. Hence, the CA-IMT is indicative of subclinical early atherosclerosis, and the PS principally signifies advanced atherosclerosis, that is, lesions that are more likely to lead to a cardiovascular event. Some studies that have used carotid artery ultrasonography report that plaque areas and the PS are more closely related to the onset of CVD than the CA-IMT [31e33], which concurs with the description given above. The present study investigated patients with ESKD in whom complications associated with more advanced atherosclerotic lesions would be a concern. Hence, it is understandable that changes were only observed in the PS. As described previously, we have reported that the prevalence CAD at the initiation of dialysis has decreased over the last 20 years [28] . A study undertaken in Japan reported that the severity of CAD correlated only with the PS and not with the CA-IMT [33] . Judging from these results, assessment of PS may be more useful than IMT in predicting the development of cardiovascular disease in endstage kidney disease patients.
Alternatively, the results might be a consequence of differences in the methods used to measure the parameters. The PS has greater scope for variation than the CA-IMT, and a large difference in the values could produce a significant difference. However, to produce CA-IMT measurements with a small variation, a larger number of patients may be necessary to confirm the significant difference. Furthermore, changes in the numbers of plaques over the years might have affected the differences in the changes in the CA-IMT and the PS, although this was not evaluated during our study.
Statin usage in CKD
The 4D study [34] and AURORA study [35] , which were randomized, controlled trials involving dialysis patients, showed that the overall risk of cardiovascular disease was not significantly decreased in patients given strong statins in the dialysis treatment period. However, in the Study of Heart and Renal Protection (SHARP) study [36] reported in 2011, a comparison was made between a simvastatin plus ezetimibe group and a placebo group in 9270 patients with CKD stage 3-5D, and the number of arteriosclerotic cardiovascular disease events was reduced significantly, by 17%. In a stratified analysis in the SHARP study, a significant decrease in risk of 20% was obtained in the non-dialysis group, whereas the 10% decrease in the dialysis group was not significant. In a stratified analysis with pretreatment TC level, the decrease in relative risk was significantly greater with higher TC levels, nearly the same as in the stratified analysis with the LDL-C level. Among past large-scale, randomized, controlled trials using statins, subanalyses of subjects equivalent to CKD stage 3 [37e41] showed a similar or larger decrease in relative risk of arteriosclerotic cardiovascular disease as in non-CKD patients.
From the above, although a decreased risk of arteriosclerotic cardiovascular disease with lipid-lowering therapy is also seen in CKD patients, the size of the decrease in risk is not uniform. There is thought to be a greater effect in early-stage CKD patients and patients with high pretreatment TC and LDL-C levels.
Limitations
The selection bias caused by only including those patients who had undergone carotid artery ultrasonography was the biggest limitation. Since this was a retrospective, observational study, the sample size was small, with a total of 150 patients, and the number of patients analyzed in Era 1 was particularly small. Therefore, before the primary analysis, a preliminary analysis was performed to determine the magnitude of the selection bias by comparing the clinical characteristics of the groups that did and did not undergo carotid artery ultrasonography. No sizeable differences were detected in relation to the clinical characteristics between the groups that did and did not undergo carotid artery ultrasonography within the eras. Therefore, one can conclude that selection bias, if any, had little impact on the analysis used to prove our hypothesis. In addition, this was a cross-sectional comparative study of separate eras; therefore, proving causal relationships between drug administration or lipid value improvements and carotid atherosclerosis improvements was impossible. In this study, carotid artery ultrasonography had been performed for 9 years, but instruments and technicians changed during the period analyzed in this study. However, we would like to emphasize that the instruments were obtained from the same company, and that the measurements were performed by technicians trained by the same trainer. Since this was a cross-sectional study, it was not possible to determine whether the treatment periods related to the conservative phase of kidney disease or to determine the specifics of the treatment, for example, whether the statins were of conventional or of strong type. In addition to the rate of statin use, the differences in the efficacies of the statins may be strongly associated with the improvement in the PS. Given that this was a single-center, crosssectional study with a relatively small number of patients, a largerscale study should be undertaken in the future.
Conclusion
Carotid atherosclerosis in patients with ESKD has decreased over the past 9 years. Changes in CKD management and patients' characteristics in recent years have reduced LDL-C levels, which, in turn, may have improved carotid atherosclerosis. 
